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(54) Title: REPAIRING CARTILAGE 
(57) Abstract 

A method of repairing car- 
tilage (e.g., articular cartilage on 
the femur) and a set of instru- 
ments used in the method are pro- 
vided. The damaged cartilage is 
removed from the bone to expose 
the underlying bone, grafts cov- 
ered with cartilage (e.g., hyaline 
cartilage) are harvested from else- 
where in the body (e.g., other ar- 
eas of the femur), and the grafts 
are inserted into holes drilled into 
the exposed area of bone. A guide 
is provided for use with surgi- 
cal instruments during the proce- 
dure to orient the surgical instru- 
ments perpendicularly to the bone 
surface during use. The guide 
includes a guiding portion dis- 
posed along a longitudinal axis for 
engaging the surgical, instrument, 
and a tissue-engaging portion ori- 
ented perpendicularly to the lon- 
gitudinal axis. A set of surgical 
instruments used to carry out the 

tXS^Sl^^La. and an insertion tool for hurting the grafts. Other accessory instruments are also provided. 
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,1 

pFpAIRINH CARTILAGE 

This invention relates to repairing cartilage, for example, 
articular cartilage on the femur. 

5 _ 

Articular cartilage that is damaged (e.g., torn or excessively 
worn) may be repaired in a variety of ways. For example, the 
damaged cartilage may be shaved or scraped from the bone 
surface, thereby causing bleeding which stimulates the growth of 

10 fibrocartilage. Small holes may be drilled in the bone to promote 
bleeding and fibrocartilage growth. Alternatively, an allograft (e.g., 
cartilage grown in vitro from cartilage tissue removed from the 
, patient) may be implanted by attaching a periosteum membrane 
(harvested, e.g., from the patient's tibia) to the bone surface and 

15 injecting the allograft beneath the membrane. The periosteum 

provides a healthy environment which promotes further cartilage cell 
growth. 

This invention features, in general, a method of repairing 
20 cartilage - and a set of instruments used in the method - by 
removing the damaged cartilage from the bone to expose the 
underlying bone, harvesting grafts covered with cartilage from 
elsewhere in the body, and inserting the grafts into holes drilled into 
the exposed area of bone. The invention is particularly useful (but 
25 by no means exclusively so) in repairing damaged articular cartilage 
on the femur with bone grafts covered with hyaline cartilage that are 
* harvested from another area of the femur. 

One general aspect of the invention features a guide for use 
30 with surgical instruments during the procedure to orient the surgical 
instruments perpendicularly to the bone surface during use. The 
guide includes a guiding portion disposed along a longitudinal axis 
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for engaging the surgical instrument, and a tissue-engaging portion 
oriented perpendicularly to the longitudinal axis. 

Preferred embodiments may include one or more of the 
5 following features. 

The surgical instruments used with the guide include a drill for 
drilling a hole for receiving the tissue graft, a dilator having a distal 
end sized to enlarge the hole, and an insertion tool for inserting the 
1 0 tissue graft into the hole. The guiding portion of the guide is sized to 
receive each instrument and orient it substantially perpendicularly to 
the bone surface. Preferably, the tissue graft includes bone with a 
layer of cartilage thereon. 

1 5 Preferably, the drill includes a distal end that comprises a 

pointed distal tip and a plurality of cutting flutes circumferentially 
spaced around the distal end proximally adjacent to the tip. The drill 
preferably includes markings to indicate a depth of the hole. The 
distal end of the dilator is preferably tapered, and the dilator includes 

20 markings to indicate the depth that the distal end is inserted in the 
hole. 

The portion of the insertion tool engaged by the guide has an 
adjustable length relative to the length of the guide so that the 

25 amount by which the graft protrudes from the hole can be 

correspondingly adjusted. The length-adjustable portion of the 
insertion tool includes a rod attached to a handle configured to 
engage a proximal end of the guide. The distal end of the rod is 
configured to engage the graft, and the proximal end of the rod is 

30 progressively insertable into an opening in the handle to adjust the 
length of the rod. 
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For example, the proximal end of the rod is threadably received 
, within the opening so that relative rotation between the handle and 
the rod adjusts the length of the rod. A resilient member disposed in 
the opening engages the proximal end of the rod to maintain the rod 
5 in position at the adjusted length. The rod includes markings to 
indicate the amount by which the graft protrudes from the hole. 

The guide may have a wide variety of suitable configurations. 
Preferably, the guide comprises a tube having a passage disposed 

10 along the longitudinal axis to provide the guiding portion. The 

tissue-engaging portion is disposed at a distal end of the tube and 
is, for example, a rim of the tube. In some embodiments, the tissue- 
engaging portion also includes an annular flange that projects 
distally from the rim and is configured to be seated within the bone 

15 tissue. In other embodiments, the tissue-engaging portion 

comprises an enlarged lip disposed circumferentially around the 
distal end of the tube. A portion of the lip may include a recess 
therein. 

20 The guide may also include a spacer forjjositioning the guiding 

portion at a selected location relative to a feature on the bone tissue. 
For example, the feature is a hole in the bone tissue. In this case, 
the spacer includes a member (e.g., a pin or a tooth) that projects 
distally from the tissue-engaging portion of the guide for insertion 

25 into the hole. The member may be retractable with respect to the 
tissue-engaging portion, or not. The member may be disposed on a 
sleeve that is insertable over the guide. If the feature includes a 
region of cartilage on the bone tissue, the spacer may include an 
enlarged lip disposed adjacent to the tissue-engaging portion of the 

30 guide for engaging the region of cartilage. 
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In some embodiments, the guide includes a window for 
allowing viewing of the passage. The guide may include a valve for 
blocking fluid flow through the passage. In other embodiments, a 
portion of the guide comprises clear material. 

5 

Another aspect of the invention features a set of instruments 
that includes the guide, the drill, and the insertion tool. 

In preferred embodiments, these instruments are sized to 
10 insert a tissue graft having a selected size. At least one other set of 
such instruments may be provided and sized to insert tissue grafts 
of a different size. 

The set of instruments may also include the dilator and a 

15 template for measuring a size of the tissue graft. 

In addition, the set may include a tool for removing the tissue 
graft from a bone. The tool includes a chisel having a hollow shaft 
that extends distally from a handle and terminates in a sharpened, 
hollow tip configured to capture the tissue graft therein, the handle 

20 having a passage therein that communicates with the hollow shaft. 
A collar is slidable over the shaft to shield the hollow tip during 
removal of the tissue graft therefrom, and a member is insertable 
into the hollow tip to engage the tissue graft and remove the tissue 
graft proximally through the shaft and the passage of the handle. 

25 The collar includes a flared opening disposed adjacent to the tip 

when the collar is inserted over the shaft. The member applies force 
to the bone portion of the graft - rather than the cartilage on the 
upper surface of the graft - during removal, thereby reducing the 
risk of damaging the cartilage. 



30 
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The set of instruments may also be equipped with a device for 
determining an entry portal for the guide over the bone . surface. The 
device includes a needle disposed along a longitudinal axis and 
having an open distal end, and a plurality of prongs disposed within 
5 said needle and having resiliency curved distal tips. The prongs are 
slidable within the needle between a retracted position in which the 
distal tips are disposed within the needle and an extended position 
in which the distal tips project from the needle to engage the bone 
surface and define a plane that is perpendicular to the longitudinal 
10 axis. The device is small and can be inserted into the body even 
multiple times to determine the correct (e.g., perpendicular) entry 
portal location with a minimum of patient trauma. 

Another general aspect of the invention features a method of 
1 5 inserting a tissue graft using the instruments discussed above. 

Among other advantages, the invention provides an efficient 
and accurate way of repairing cartilage that may be performed 
arthroscopically, thereby reducing trauma and minimizing healing 

20 time. The guide allows the graft-receiving holes to formed 

perpendicularly to the bone surface and the graft to be inserted 
straight into the hole, despite the curved nature of the bone. This 
greatly enhances the match between the grafted cartilage and the 
contour of the surrounding cartilage. In addition, because the height 

25 of the graft (i.e., the amount that the graft protrudes from the hole) is 
adjustable, the grafted cartilage can be easily positioned at the 
same height as the surrounding cartilage. This provides a high 
quality repair and reduces the risk that further surgery will be 
needed to sculpt the grafted cartilage to the height and contour of 

30 the surrounding, existing cartilage. 
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In addition, the various configurations of the guide allow the 
graft receiving holes to be marked and closely positioned with 
respect to each other while maintaining sufficient bone wall 
thickness to promote healing and a healthy environment for the 
5 grafts. The accessories provided with the chisel (e.g., the collar and 
graft-removal member) greatly facilitate withdrawal of the graft from 
the chisel without injuring the surgeon (with the sharp chisel tip) or 
damaging the graft (with the graft-removal member). The entry 
portal positioning device allows the surgeon to determine the correct 
10 (e.g., perpendicular) entry portal location with a minimum of patient 
trauma. 

Other features and advantages of the invention will become 
apparent from the following detailed description, and from the 
15 claims. 

Fig. 1 shows a femur with an area of damaged articular 
cartilage. 

Figs. 2a-2f show a set of surgical instruments for repairing the 
20 area of damaged articular cartilage. 

Figs. 3-9 show the use of the instruments shown in Figs. 2a-2f 
in repairing the area of damaged articular cartilage. 

Figs. 10a and 10b show another embodiment of the guide of 
Figs. 2a and 2b. . 

25 Figs. 11a-1 1c show the guide of Figs. 2a and 2b with a spacer. 

Figs. 12a and 12b show the use of the guide of Figs. 2a and 2b 
with a retractable spacer. 

Figs. 13a and 13b show another guide for locating 
perpendicularity with respect to a tissue surface. 
30 Figs. 1 4a and 1 4b show the use of the guide of Figs. 1 3a and 

1 3b in locating perpendicularity with respect to a tissue surface. 
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Referring to Fig. 1 , this invention features a method for 
replacing damaged or defective cartilage, e.g., articular cartilage 4 
on a patient's femur 1 . In addition, the invention provides a set of 
surgical instruments (described below) for performing the procedure 
5 efficiently and accurately. 

Articular cartilage 4 covers femoral condyles 2 and 3 and 
protects them from wear and mechanical shock. Consequently, an 
area 5 of articular cartilage 4 may become damaged (e.g., torn or 

10 excessively worn). The damaged area 5 is repaired by removing the 
damaged articular cartilage 4 and implanting healthy cartilage 
harvested from another area of femur 1, such as the ipsilateral side 
of the nonarticular condylar surface 6 or the intercondylar notch 7. 
Figs. 2a-2f show a set of surgical instruments for repairing 

15 damaged area 5 of articular cartilage. The surgical instruments 
include a guide 12 (Figs 2a, 2b), a chisel 20. (Fig. 2c), and a series 
of instruments - a drill 40 (Fig. 2d), a dilator 47 (Fig. 2e), and an 
insertion tool 50 (Fig. 2f) - that are used with guide 1 2 during the 
procedure. The' instruments and the procedure are described in 

20 detail below, but briefly, chisel 20 is used to cut a cylindrical bone 
and cartilage graft from, e.g., the ipsilateral side of the nonarticular 
condylar surface 6 or the intercondylar notch 7. After the damaged 
cartilage 4 has been removed in damaged area 5 to expose the 
condylar bone surface, drill 40 is inserted through guide 1 2 to drill a 

25 hole in the bone that will receive the graft, and dilator 47 is inserted 
through guide 1 2 to slightly and temporarily enlarge the hole to 
accommodate the graft. Finally, the graft is implanted into the hole 
with insertion tool 50. This procedure is repeated until ah array of 
bone and cartilage grafts have been implanted to fill damaged area 

30 5 with replacement cartilage. 
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To ensure that the grafted cartilage follows the contour of 
surrounding cartilage 4, the bone and cartilage grafts must be 
formed perpendicularly or substantially perpendiculary to the bone 
surface, and the graft-receiving holes must also be drilled & 
5 substantially perpendicularly to the bone surface. In addition, grafts 
must be inserted to the proper depth so that the grafted cartilage 
neither protrudes nor is recessed from the surrounding cartilage. 
The instruments and surgical technique provided by the present 
invention achieves these goals. 

10 

Guide 12 is the device that ensures the perpendicular 
formation of the graft-receiving holes. Guide 12 includes a hollow 
tube 13 with an interior passage 19 that extends between open 
distal and proximal ends 17, 18. Guide 12 is elongated along a 

15 longitudinal axis A, and a rim 14a at distal end 17 of tube 13 (Fig. 
2b) defines a tissue-engaging portion 14 in a plane A 1 oriented 
perpendicularly to axis A. As shown in Fig. 2a, the outer diameter of 
tube 13 decreases in a step-like manner to form rim 14a and then 
gradually decreases to form flange 16. Rim 14a has a width of 0.5 

20 - mm, and flange 16 has a length of 3 mm from rim 14a to a distal end 
of flange 16. In addition, the edge of flange 16 is slightly chamfered. 
Accordingly, when guide 12 is positioned on the bone surface (such 
as a curved surface on femur 1) so that flange 16 is seated in the 
bone and rim 14a contacts and is flush with the bone completely 

25 around its circumference, axis A is perpendicular to the bone 

surface. By being seated in the bone, flange 16 helps to hold the 
perpendicular position of guide 12. Thus, an instrument (e:g M chisel 
20 drill 40, dilator 47, or insertion tool 50) inserted through guide 
passage 19 is aligned perpendicularly to the bone surface. 
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Passage 1 9 is sized and shaped to receive drill 40, dilator 47, 
and insertion tool 50, which in turn are dimensioned according to the 
desired diameter of the graft (e.g., 2.7 mm, 3.5 mm, 4.5 mm, 6.5 mm 
or 8.5 mm). Alternatively stated, a complete set of instruments that 
5 includes a guide 12, a drill 40, a dilator 47, and an insertion tool 50 
(as well as a chisel 20) is provided for each size graft desired to be 
inserted into defect area 5. 

Guide 12 also includes a handle 15 located near proximal end 
10 1.8. Handle 15 has a larger outer diameter than the remainder of 
guide 12 and includes a series of flat, faceted surfaces 15a 
arranged around the circumference of guide 12 for ease of gripping. 
The diameter of passage 19 is constant over the length of guide 12. 
As a result, handle 1 5 provides a thickened rim 1 5b surrounding 
1 5 open proximal end 1 8 to withstand the impact of instruments (such 
as insertion tool 50) during use, as will be described below. A 
window 19a formed in the walls of tube 13 near distal end 17 is 
open to passage 19. Window 19a allows the surgeon to see into 
passage 19 during use to, e.g, visualize the position of the graft. 

20 

Guide 12, tissue-engaging portion 14, and handle 15 are made 
from metal and may be integrally formed (e.g., by casting) as a 
single piece of material. Alternatively, guide 12, tissue-engaging 
portion 14, and handle 15 may be made from molded or extruded 
25 plastic. As discussed above, guide 12 is available in various sizes 
depending on the size of the surgical instrument to be inserted 
through guide 12. 

Chisel 20 (shown in Fig. 2c with auxiliary components 30, 32 
30 that are described below) includes an axially elongated, hollow 

metal shaft 21 that extends distally from a handle 28 to a distal end 
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24 that terminates in a sharpened, open chisel tip 22. The interior of 
chisel tip 22 tapers inwardly at 22a to grasp the sides of the graft 
removed from femur 1 . Chisel 20 is available in various sizes 
depending on the desired size (e.g., diameter) of the graft. For 
5 example, chisel 20 may be sized to cut a bone graft having a 

diameter of 2.7 mm, 3.5 mm, 4.5 mm, 6.5 mm or 8.5 mm. Chisel 20 
is described in German Patent No. DE 19503504 A1 and Hungarian 
Patent No. HU 9402663 AO, each of which is incorporated herein by 
reference. 

10 . . 

Handle 28 .includes an axial passage that communicates with 
the interior of shaft 21 and is open at the proximal end of handle 28 
for purposes to be described. A transverse hole 26 formed through 
handle 28 near its proximal end receives the shaft 31 of a tamp 32. 

15 during use. That is, tamp 32 is inserted transversely through handle 
28 to provide the surgeon with increased leverage when chiseling a 
graft (see Fig. 4). Tamp 32 serves the additional purpose of 
removing the graft from chisel 20. A chisel guard 30 is also provided 
and is insertable over shaft 21 to help avoid injury from chisel tip 22 

20 while the graft is being removed. Chisel guard 30 is a hollow 

cylinder that includes an enlarged head 33 with a flared opening 33a 
positioned adjacent to chisel tip 22 when guard 30 is inserted over 
shaft 21. Flared opening 33a allows the surgeon to insert tamp 32 
easily into chisel tip 22- Chisel guard 30 is approximately as long as 

25 chisel shaft 21 and is available in various sizes depending on the 
size of chisel 20. 

To remove the graft from chisel 20, chisel guard 30 is inserted 
over shaft 21 so that it abuts handle 28. With chisel tip 22 shielded 
30 by guard 30, the surgeon inserts tamp shaft 31 into chisel tip 22 to 
engage the underside of the bone graft, and pushes the graft 
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proximally from tip 22 and out of handle 28. As a result, the force 
applied to remove the graft from chisel 20 is applied to the bone 
portion of the graft, rather than to the cartilage on the upper surface 
of the graft. This helps reduce the risk of tearing or otherwise 
5 damaging the grafted cartilage. 

Drill 40 (Fig. 2d) includes an axially elongated metal shaft 41 
that fits through guide passage 1 9 and terminates in a drill bit 42 at 
distal end 44. Drill shaft 41 has graduated markings 41 a, 41 b near 

1 0 its proximal and distal ends so that the surgeon can see the position 
of drill 40 when inserted through guide 12. For example, the 
surgeon can see distal markings 41b through window 19a of guide 
12. Drill bit 42 includes a pointed distal tip 43a and a plurality of 
cutting flutes 43b circumferentially spaced around drill bit 42 

1 5 proximally adjacent to tip 43a. The pointed nature of tip 43a helps 
prevent drill bit 42 from "walking" on the bone surface so that the 
graft-receiving holes can be positioned more accurately. Drill 40 is 
available in various sizes depending on the size of the bone graft. 
For example, drill 40 may be sized to cut a hole having a diameter 

20 slightly smaller than 2.7 mm, 3.5 mm, 4.5 mm, 6.5 mm or 8.5 mm. ' 

Dilator 47 (Fig. 2e) is used to slightly enlarge the hole formed 
by drill 40, e.g., by about 0.2 mm, to accommodate the graft cut by 
chisel 20. Dilator 47 is a solid metal rod 46 that is axially elongated 

25 between proximal and distal ends 49a, 49b. The diameter at distal 
end 49b corresponds to the diameter of drill 40 with which dilator 47 
is used. The edge of distal end 49b is slightly chamfered (not 
shown) to allow dilator 47 to be easily inserted into the hole. Moving 
proximally from distal end 49b, the diameter of dilator 47 gradually 

30 increases by 0.2 mm over a distance D of 15 mm (e.g., to a final 
diameter of 4.7 mm from a distal end diameter of 4.5 mm). Rod 46 
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has graduated markings 46a, 46b near its proximal and distal ends, - 
so that the surgeon can see the position of dilator 47 when inserted 
through guide 12. A transverse hole 48 is provided near proximal 
end 49a and is sized to receive a tamp 32 (Fig. 2c) to form a "T" 
5 shaped assembly that provides the surgeon with increased leverage 
when using dilator 47 to enlarge the graft-receiving hole.. 

Insertion tool 50 (Fig. 2f) includes an axially elongated 
cylindrical metal rod 60 the proximal end 62 of which is received 
1 0 within a chamber 72 in a handle 70 to allow the length L of rod 60 
that protrudes from the distal end 71 of handle 70 to be adjusted. 
The proximal end 73 of handle 70 has an enlarged shape to enable 
the surgeon to securely grasp handle 70 while adjusting length L. 

15 Rod 60 is sized to fit within guide passage 19 and has a flat 

distal end 64 oriented perpendicularly to rod axis B. The proximal 
portion 62 of rod 60 has a threaded portion 66 which corresponds 
with a threaded portion 74 of handle 70. Calibration markings 69 
are disposed on rod 60 distal of proximal portion 62. Markings 69 

20 are spaced 1 mm apart and may be designated by numerals (0, 1,2, 
etc.). 

The configuration of chamber 72 is substantially 
complementary to that of the portion of rod 60 that fits within handle 
25 70. That is, chamber 72 includes a threaded portion 74 which 

receives threaded portion 66 of rod 60. An O-ring 76 is disposed in 
a groove 75 formed around the exterior of chamber 72 slightly 
proximaliy of handle end 71 . 

30 The surgeon adjusts the length L of rod 60 by rotating rod 60 

with respect to handle 70 (e.g., by twisting rod 60 further into handle 
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70) while observing calibration markings 69. The friction between 
O-ring 76 and rod 60 helps to hold rod 60 in place within handle 70 
at the position set by the surgeon. Markings 69 indicate the length 
of rod 60 protruding from handle 70, and more specifically identify 
5 the spacing between rod distal end 64 and tissue-engaging portion 
14 of guide 12 (Fig. 2a). For example, when marking 69 designated 
by numeral 0 is aligned with handle distal end 71 , the length L of rod 
60 equals that of guide 12 to rim 14a, and as a result rod distal end 
64 is flush with rim 14a when insertion tool 50 is fully inserted into 
1 0 guide 1 2 (with distal end 71 of handle 70 abutting guide proximal 
end 18). . 

Inserting rod 60 farther into handle 70 causes rod distal end 64 
to be recessed from rim 14a by a distance that corresponds to the 

15 calibration marking 69 (e.g., 1 mm, 2 mm, 3 mm, etc.) that is aligned 
with handle distal end 71 . For example, when length L of rod 60 is 
set at the marking designated by the numeral 3, distal end 64 of rod 
60 is recessed by 3 mm from rim 14a of guide 12. This enables the 
surgeon to insert the graft at a precise depth in the graft receiving 

20 hole so that the cartilage on the graft protrudes from the hole by an 
amount that corresponds to the height of the surrounding cartilage 4 
(Fig. 1). 

As discussed above with respect to Fig. 1, damaged articular 
25 cartilage 4 from area 5 is repaired by removing damaged cartilage 4 
and implanting grafts with healthy cartilage harvested from 
elsewhere on femur 1. The use of the instruments shown in Figs. 
2a-2f in the grafting procedure will now be described with reference 
to Figs. 3-9. ' 



30 
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Referring to Fig. 3, the first step is to remove cartilage in 
damaged area 5 and immediately surrounding areas to create an 
area 80 of exposed bone surface. The depth H of exposed area 80 
is measured to determine the thickness of articular cartilage 4 

5 surrounding exposed area 80. Guide 12 is used to determine the 
optimal number and size of grafts to be implanted into exposed area 
80. As shown in Fig. 3, this is done by using guide 12 (Figs. 2a, 2b) 
to mark hole locations 81 in exposed area 80. When guide 12 is 
tapped- into exposed area 80, rim 14a of guide 12 forms hole 

10 location 81 by leaving an annular impression (defined by flange 16 
and the exterior edge of rim 14a) in exposed area 80. The holes 
should be located close together so that a tightly-packed matrix of 
healthy grafted cartilage can be implanted to cover area 80 as 
completely as possible. But a sufficient wall thickness (e.g., 1 mm) - 

1 5 should be maintained between adjacent holes to provide a stable 
and healthy environment for the implanted grafts. Rim 14a of guide 
12 helps to maintain sufficient wall thickness between holes. As 
discussed above, rim 14a has a width of 0.5 mm. Thus, when guide 
12 is used to mark hole locations 81 , adjacent hole locations 81 

20 have a wall thickness of at least 1 mm. 

Referring to Fig. 4, after marking hole locations 81 in exposed 
area 80, healthy cartilage is harvested from a donor site 82 located, 
e.g., at the ipsilateral side of the nonarticular condylar surface 6 of 

25 femur 1 using chisel 20 (Fig. 2c). Chisel 20 is inserted into the 

patient's body so that chisel tip 22 engages the surface of donor site 
82. The surgeon gently rocks chisel 20 back and forth on the 
surface of cartilage 4 until he feels that chisel tip 22 is flush with the 
surface. With chisel tip 22 in this orientation, chisel shaft 21 is 

30 perpendicular to the cartilage surface at donor site 82. 
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With chisel 20 aligned perpendicularly to the surface of donor 
site 82, the surgeon taps or pounds chisel handle 28 with a hammer 
(not shown) to drive chisel tip 22 into the bone' beneath donor site 
82 to a depth of 15 mm - 20 mm. After chisel 20 is fully seated, the 
5 surgeon inserts tamp 32 through hole 26 of chisel handle 28 to form 
a "T" shaped tool, which the surgeon moves back and forth until the 
graft breaks away from the underlying bone. Chisel 20 is then 
pulled straight up and out of the patient's body. The tapered interior 
22a of chisel tip 22 holds the graft within tip 22 as the instrument is 
10 withdrawn. 

Referring also to Fig. 5a, graft 87 is primarily bone tissue the 
' proximal end of which is covered by a layer of hyaline cartilage 86. 
Graft 87 is removed from chisel 20 by sliding chisel guard 30 over 

1 5 chisel tip 22, inserting tamp 32 into chisel distal end 24, and pushing 
against the bony distal end of graft 87 to slide graft 87 through chisel 
shaft 21 and out of the proximal end of handle 28. Removing graft 
87 in this manner avoids the need to push against hyaline cartilage 
86 (i.e., as would be done by inserting tamp 32 into handle 28 rather 

20 than into tip 22), thereby reducing the risk of damaging hyaline 

cartilage 86. This is particularly important because graft 87 often is 
tightly wedged within tip 22 due to the large forces applied during 
chiseling. After graft 87 is removed from chisel 20, graft 87 may be 
cut to the desired length (e.g. 15 mm). 

25 

Referring also to Fig! 5b, a measuring template 85 may be 
used to determine the length and outer diameter of harvested bone 
graft 87. The desired size of graft 87 will vary depending on the 
condition of the harvested graft 87 (e.g., cracks or chips in the graft) 
30 and the age of the patient. The size of bone graft 87 as indicated by 
template 85 will provide an indication to the surgeon as to how much 
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(if at all) a graft-receiving hole should be temporarily enlarged with 
dilator 47. After harvesting a preselected number of grafts 87 from 
donor site 82 (or other donor sites on femur 1 or elsewhere), the 
incisions/made over donor site 82 are closed and sutured. 
5 Alternatively, grafts 87 can be removed from donor site 82 and 
implanted in exposed area 80 one at a time. 

. Referring tp Fig. 6, the first step in the graft implantation 
portion of the procedure is to insert guide 12 into the patient's body 

10 so that rim 14a is centered over one of hole locations 81 in exposed 
area 80. The surgeon seats flange 16 into the bone and rocks guide 
12 back and forth until he feels that rim 14a is flush against exposed 
area 80, thereby indicating to the surgeon that passage 19 is 
aligned perpendicularly to the curved bone surface at hole location 

15 81 . While holding guide 12 firmly in the perpendicular orientation, - 
the surgeon inserts drill 40 through guide 12 and drills a graft- 
receiving hole 88 in area 80. Because of the alignment provided by 
guide 12, hole 88 is formed perpendicularly to the bone surface. By 
observing markings 41 a near proximal end of drill 40 outside the 

20 patient's body and markings 41b near distal end of drill 40 through 
window 1 9a, the surgeon can limit the depth of hole 88 to, e.g., 15 
mm. Drill 40 is then removed from guide 12 and the patient, but the 
position of guide 12 is maintained. 

25 As shown in Fig. 7, dilator 47 is inserted through guide 1 2 and 

into hole 88 to slightly (e.g., by 0.2 mm) and temporarily enlarge 
hole 88 so that it will more readily receive graft 87. (Hole 88 relaxes 
to its original size shortly after graft 87 is inserted to. securely grip 
graft 87 for proper healing.) This operation is facilitated by inserting 

30 tamp 32 through hole 48 near the proximal end of dilator 47 to form 
a "T shaped tool that is used in much the same way as described 
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above for chisel 20. Dilator 47 is then removed, but again, guide 12 
is left in place over hole 88. 

Referring to Fig. 8, graft 87 is inserted into proximal end 1 8 of 
guide 12 with layer of hyaline cartilage 86 facing proximal end 1 8. 
5 The surgeon then adjusts length L of rod 60 (Fig. 2f) based on the 
measured depth H of exposed area 80 to set the height at which 
cartilage layer 86 will protrude from the bone surface. For example, 
if exposed area 80 has a depth H of 2 mm. then length L is adjusted 
to align calibration mark "2" with handle distal end 71 , thereby 
10 providing a 2 mm recess between rod distal end 64 and rim 14a of 
guide 12 when insertion tool 50 is fully inserted into guide. 12. 

As shown in Fig. 9, graft 87 is implanted at the desired depth in 
hole 88 by advancing insertion tool 50 into guide 12 until distal end 

15 71 of handle 70 abuts proximal end 18 of guide 12. Thus, rod 60 
pushes graft 87 out of distal end 17 of guide 12 and positions graft 
87 at the desired depth in hole 88 such that the layer of hyaline 
cartilage 86 on graft 87 is flush with the layer of articular cartilage 4 
surrounding exposed area 80. This process is repeated until all the 

20 harvested grafts 87 are implanted into exposed area 80. 

As exposed area 80 becomes filled with implanted grafts 87, it 
may be necessary to adjust the length L of insertion tool rod 60 so 
that the later-inserted grafts are implanted to the proper depth. For 
25 example, if rim 14a of guide 12 rests on implanted grafts 87 rather 
'. than exposed bone in area 80, rod length L must be increased to 
reduce the recess between rod distal end 64 and rim 14a of guide 
12. 

30 Other embodiments are within the scope of the following 

claims. 
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For example, the guide may have configurations other than 
tubular. The guide may be a solid member with an exterior channel 
for receiving the drill, insertion tool, etc. Alternatively, the guide may 
include a post to which a series of axially spaced, aligned rings are 
5 attached for receiving the other instruments. 

Referring to Figs. 10a and 10b, guide 90 has a tissue-engaging 
portion in the form of an enlarged lip 89 that defines a plane A' 
perpendicular to the axis A of guide 90. Lip 89 has a slightly 

10 concave surface (e.g., with a radius of curvature of 1 inch) and 

extends outwardly from guide 90 (e.g., by 0.5 mm). A portion of lip 
89 may be removed to define a recess 91 having a curvature that 
approximates the contour of graft 87. Recess 91 enables lip 89 to 
be positioned more closely to previously inserted grafts 87 or other 

1 5 structures in area 80 (such as cartilage 4 surrounding exposed area 
80). 

Referring to Figs. 1 1 a-1 1 c, the guide may include various 
spacers for positioning the guide in a lateral orientation with respect 
20 to previously inserted grafts 87 or other structures in area 80. Fig. 
11a shows a spacer 92 that has a pin shape and is located along a 
side of the guide. Spacer 92 may be retractable, or not. 

The spacer may have other configurations. For example, 
25 spacer 94 (Fig. 11b) has a tooth shape. Spacer 96 (Fig. 1 1c) is in 
the form of an enlarged rim portion and provides the spacing by 
being engaged against the side of a previously inserted graft 87 or, 
alternatively, by being aligned with the side of an adjacent hole 88. 

30 As shown in Figs. 12a and 12b, another embodiment of a 

retractable spacer includes a sleeve 98 with a projecting pin 98a 
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inserted over guide 12. Pin 98a enters a previously-formed graft 
receiving hole 88 to position guide passage 19 a selected distance 
therefrom. This feature helps provide sufficient bone wall thickness 
between adjacent holes 88. 

.5 

Referring to Figs. 1 3a and 1 3b, guide 1 00 includes a 
hypodermic needle 102 within which a set of retractable wire prongs 
104 are disposed. The distal end of each prong 104 is resiliency 
biased outwardly so that when prongs 1 04 are extended the tips of 

1 0 prongs 1 04 define a plane P oriented perpendicular to needle 1 02. 
The proximal ends of prongs 104 are connected to a handle 105, 
which is slid within needle 102 to selectively retract and extend 
prongs 104. Guide 100 is used, for example, to approximate the 
perpendicular approach to the bone before making an incision in the 

15 tissue. Thus, guide 100 may be used to determine the entry 
location for guide 12. 

As shown in Figs. 14a and 14b, after needle 102 is inserted 
into the patient's body, prongs 104 are extended from the tip of 

20 needle 102. If one or more prongs 104 do not engage the bone 
surface, then prongs 104 are retracted into needle 102, and needle 
102 is withdrawn from the patient's body. Needle 102 is then 
reinserted into the patient's body in another area to locate 
perpendicularity with respect to the bone surface. If all prongs 104 

25 engage the bone surface, needle 102 is perpendicular to the bone 
surface. 

In other embodiments, guide 12 may have a one-way valve 93 
(shown schematically in Fig. 1 0a) located near proximal end 1 8 to 
30 block fluid flow through passage 1 9 from window 1 9a when an 

instrument is inserted in (and removed from) guide 12. Alternatively, 
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window 19a may be formed of clear plastic and thus, closed to 
passage 19. In still other embodiments, tube 13 may be made from 
clear plastic, thereby obviating the need for window 19a. 

5 The length of rod 60 may be adjusted in other ways, such as 

by simply sliding rod 60 axially toward and away from handle 70. 
Insertion tool 50 may be made partially or wholly from plastic. A 
button of plastic or a soft material may be attached to distal tip 64 to 
protect the cartilage on the upper surface of graft 87 from damaged 
1 0 during insertion. With respect to drill 40 or dilator 47, a stop may be 
provided at its proximal end to engage guide proximal end 15b and 
limit the extent to which drill 40 or dilator 47 cap be advanced into . 
the bone. The stop may be adjustable, or not. 

15 There has been described novel and improved apparatus and 

methods for replacing damaged or defective cartilage with grafts 
harvested from elsewhere in the body. Although the invention has 
been describe in inserting the grafts into pre-drilled holes in the 
femur, the invention may be used with other tissue surfaces and in 

20 other areas of the body, such as the ankle, hip, and shoulder. It is 
evident that those skilled in the art may now make numerous uses 
and modifications of and departures from the specific embodiments 
described herein without departing from the inventive concept. 
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CLAIMS 

1. Apparatus for use with a surgicalinstrument during a 
procedure in which a tissue graft is inserted into bone tissue, 

5 comprising 

a guide configured to orient the surgical instrument 
perpendicularly to a surface of the bone tissue, said guide including 
a guiding portion disposed along a longitudinal axis for engaging the 
surgical instrument and a tissue-engaging portion oriented 
10 perpendicularly to said longitudinal axis. 

2. The apparatus of claim 1 further comprising said surgical 
instrument 

15 3. The apparatus of claim 1 or 2 wherein said surgical instrument 
includes a drill for drilling a hole in the bone tissue surface for 
receiving the tissue graft, said guiding portion being sized to engage 
and align said drill perpendicularly to the bone surface. 

20 4. The apparatus of claim 3 wherein said drill includes a distal end 
that comprises a pointed distal tip and a plurality of cutting flutes 
circumferentially spaced around said distal end proXimally adjacent 
to said tip. 

25 5. The apparatus of claim 3 wherein said drill includes markings to 
indicate a depth of the hole. 



30 



6. The apparatus of claim 3 further comprising a dilator having a 
distal end sized to enlarge the hole, said guiding portion being sized 
to engage and align said dilator perpendicularly to the bone surface. 
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7. The apparatus of claim 6 wherein said distal end of said dilator is 
tapered. 

& The apparatus of claim 6 wherein said dilator includes markings 
5 to indicate a depth that said distal end is inserted in the hole. 

9. The apparatus of claim 1 or 2 wherein said surgical instrument 
includes an insertion tool for inserting the tissue graft into a hole in 
the bone, said guiding portion being sized to engage and align a 

1 0 portion of said insertion tool perpendicularly to the bone surface. 

10. The apparatus of claim 9 wherein said portion of said insertion 
tool has a length that is adjustable relative to a length of said guide 

to allow corresponding adjustment of an amount by which the graft 
15 protrudes from the hole. 

1 1 . The apparatus of claim 1 0 wherein said portion of said insertion 
tool includes a rod attached to a handle that is configured to engage 
a proximal end of said guide, said rod having an adjustable length 

20 relative to said handle. 

12. The apparatus of claim 1 1 wherein said rod has a distal end 
configured to engage the graft and a proximal end that is 
progressively insertable into an opening in said handle to adjust the 

25 length of said rod relative to said handle. 

1 3. The apparatus of claim 12 wherein said proximal end of said rod 
is threadably received within said opening to allow adjustment of 
said length by relative rotation between said handle and said rod. 
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1 4. The apparatus of claim 1 2 further comprising a resilient member 
disposed in said opening in engagement with said proximal end of 
said rod for maintaining said rod in position at the adjusted length. 

5 15. The apparatus of claim 1 1 wherein said rod includes markings 
to indicate the amount by which the graft protrudes from the hole. 

16. The apparatus of claim 1 wherein said guide comprises a tube 
having a passage disposed along said longitudinal axis to provide 

1 0 said guiding portion, said tissue-engaging portion being disposed at 
a distal end of said tube. 

17. The apparatus of claim 8 wherein said tissue-engaging portion 
comprises a rim of said tube at said distal end. 

15 

18. The apparatus of claim 17 wherein said tissue-engaging portion 
further comprises an annular flange that projects distally from said 
rim and is configured to be seated within the bone tissue. 

20 19. The apparatus of claim 1 6 wherein said tissue engaging portion 
comprises an enlarged lip disposed circumferentially around said 
distal end of said tube. 

20. The apparatus of claim 19 wherein a portion of said lip includes 
25 a recess therein. 

21 . The apparatus of claim 1 wherein said guide further comprises 
a spacer for positioning said guiding portion at a selected location 
relative to a feature on bone tissue. 

30 
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22. The apparatus of claim 21 wherein the feature is a hole in the 
bone tissue and said spacer includes a member that projects distally 
from said tissue-engaging portion of said guide for insertion into the 
hole. 

5 

23. The apparatus of claim 22 wherein said member is retractable 
with respect to said tissue-engaging portion of said guide. 

24. The apparatus of claim 22 wherein said member includes a pin. 

10 

25. The apparatus of claim 22 wherein said member includes a 
. tooth. 

26. The apparatus of claim 22 wherein said member is disposed on 
15 a sleeve that is insertable over said guide. 

27 The apparatus of claim 21 wherein the feature includes a region 
of cartilage on the bone tissue, said spacer including an enlarged lip 
disposed adjacent to said tissue-engaging portion of said guide for 
20 engaging the region of cartilage. 

28. The apparatus of claim 16 wherein said guide includes a 
window for allowing viewing of the passage. 

25 29. The apparatus of claim 28 wherein said guide includes a valve 
for blocking fluid flow through the passage. 

30. The apparatus of claim 16 wherein a portion of said guide 
comprises clear material. 
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31 . The apparatus of claim 1 wherein the tissue graft includes bone 
having a layer of cartilage thereon. 

32. A set of instruments for use during a procedure in which a 

5 tissue graft that includes bone having a layer of cartilage thereon is 
inserted into bone tissue, comprising 

a guide configured to orient another instrument in said set 
perpendicularly to a surface of the bone tissue, said guide including 
a guiding portion disposed along a longitudinal axis for engaging 
10 said other instrument and a tissue-engaging portion oriented 
perpendicularly to said longitudinal axis, 

a drill engageable with said guiding portion for drilling a hole in 
the bone tissue surface for receiving the tissue graft, and 

an insertion tool engageable with said guiding portion for 
1 5 inserting the tissue graft into the hole formed by said drill. 

33. The set of instruments of claim 32 sized to insert a tissue graft 
having a selected size, and further comprising at least one other set 
of said instruments sized to insert a tissue graft having a different 

20 selected size. 

34. The set of instruments of claim 32 wherein said insertion tool 
includes a portion having a length that is adjustable relative to a 
length of said guide to allow corresponding adjustment of an amount 

25 by which the graft protrudes from the hole. 

35. The set of instruments of claim 32 further comprising a dilator 
engageable with said guiding portion and having a distal end sized 
to enlarge the hole formed by said drill prior to insertion of the tissue 

30 graft. 
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36. The set of instruments of claim 32 further comprising a tool for 
removing the tissue graft from a bone. 

37. The set of instruments of claim 36 wherein said tool includes 
5 a chisel having a hollow shaft that extends distally from a 

handle and terminates in a sharpened, hollow tip configured to 
capture the tissue graft therein, said handle having a passage 
therein that communicates with said hollow shaft, 

a collar that is slidable over said shaft to shield said hollow tip 
1 0 during removal of the tissue graft therefrom, and 

a member insertable into said hollow tip to engage the tissue 
graft and remove the tissue graft proximally through said shaft and 
said passage of said handle. 

15 38. The set of instruments of claim 37 wherein said collar includes a 
flared opening disposed adjacent to said tip when said collar is 
inserted over said shaft. 

39. The set of instruments of claim 32 further comprising a template 
20 for measuring a size of the tissue graft 

40. The set of instruments of claim 32 further comprising a device 
for determining an entry portal for said guide over the bone surface, 

said device comprising 
25 a needle disposed along a longitudinal axis and having an 

open distal end, and 

a plurality of prongs disposed within said needle and having 
resiliently curved distal tips, said prongs being slidable within said 
needle between a retracted position in which said distal tips are 
30 disposed within said needle and an extended position in which said 
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distal tips project from said needle to engage the bone surface and 
define a plane that is perpendicular to said longitudinal axis. 

41 . A method of inserting a tissue graft into bone tissue, comprising 
5 inserting a guide that includes a guiding portion disposed along 

a longitudinal axis and a tissue-engaging portion oriented 
perpendicularly to said longitudinal axis into the body, 

placing said tissue-engaging portion flush against a surface of 
the bone tissue to orient said guiding portion perpendicularly to the 
10 surface, 

engaging a drill with said guiding portion so that said drill is 
oriented perpendicularly to the surface, and drilling a hole in the 
bone tissue surface for receiving the tissue graft with said drill, and 

engaging an insertion tool with said guiding portion so that said 
15 insertion tool is oriented perpendicularly to the surface, and inserting 
the tissue graft into the hole with said insertion tool. 

42. The method of claim 41 further comprising adjusting a length of 
a portion of said insertion tool relative to a length of said guide 

20 thereby to correspondingly adjust an amount by which the graft 
protrudes from the hole. 

43. The method of claim 41 further comprising engaging a dilator 
having a distal end sized to enlarge the hole with said guiding 

25 portion so that said dilator is oriented perpendicularly to the surface, 
and enlarging the hole with said distal end. 

44. The method of claim 41 wherein the tissue gjraft includes bone 
having a layer of cartilage thereon, and further comprising 

30 harvesting the tissue graft from a bone. 
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